INTRODUCTION
-are recognized as potential biological control agents of vegetable pests in their respective countries. P. typicus is considered to be a potential biological control agent of B. tabaci in Japan.
However, in order for P. typicus to become a commercially viable biological control agent, it will first be necessary to establish an efficient mass-rearing technique for this species. The eggs of Mediterranean flour moth, Ephestia kuehniella Zeller (Lepidoptera: Pyralidae), are useful for rearing polyphagous mirids such as M. caliginosus (Hart et al., 2002) . In this study, in order to clarify the optimal thermal conditions required for mass rearing with the moth egg, the development, survival, longevity, and fecundity of P. typicus were investigated at 6 different constant temperatures.
MATERIALS AND METHODS
Culture. P. typicus nymphs and adults were collected from eggplants infested with B. tabaci at the Monobe Campus of Kochi University, Nankoku City, Kochi Prefecture, Japan. Six nymphs and two adults, collected from eggplant, were reared in plastic containers (length, 25 cm; width, 20 cm; height, 10 cm) with defrosted eggs of E. kuehniella, and a leafed branch of the succulent plant Kalanchoe blossfeldiana Poelln (Saxifragales: Crassulaceae). Every 3 days, the remaining moth eggs were removed from the containers, and were replaced with fresh eggs (approximately 100 mg). The Kalanchoe branch was also changed every 3 days. Adult females of P. typicus partly insert their eggs into the stems or leaves of Kalanchoe. The removed Kalanchoe branches were maintained in separate containers in order to rear a new generation of P. typicus. From the next generation, eggs, nymphs, and adults of P. typicus were separately reared in containers with the same foods and plants. This rearing was continued over 15 generations under 16L8D and at 25 Ϯ 1°C.
Experiment. Twenty females of P. typicus from the laboratory culture were transferred into a plastic cup (diameter, 8 cm; height, 4 cm) containing 10 leaves of Christmas cheer Sedum rubrotinctum Clausen (Saxifragales: Crassulaceae) and approximately 100 mg defrosted E. kuehniella eggs. The cups were placed in cages maintained for 24 h at 1 of 6 constant temperatures (17.5, 20.0, 22.5, 25.0, 27.5, and 30 .0°C) under a photoperiod of 16L8D. The P. typicus eggs laid on each leaf were counted under a binocular microscope after 24 h, and the leaves were transferred into a new plastic cup at the same temperature. Hatchings from each leaf were recorded every 24 h. Newly hatched first instars were individually reared at the same temperature in a glass vial (diameter, 1.5 cm; length, 5.5 cm) containing a new leaf of Christmas cheer and approximately 15 mg defrosted E. kuehniella eggs. The leaf and E. kuehniella eggs were replaced with a fresh leaf when the leaf had partly faded at the record of the adult emergence. Adult emergence was recorded every 24 h in order to determine the developmental period and survival rate at each temperature.
Adult females and males newly emerging within 24 h at each temperature were reared as a pair in a glass vial (diameter, 1.5 cm; length, 5.5 cm). For the different temperatures investigated, between 5 to 32 females were paired. These adults were reared on approximately 100 mg defrosted E. kuehniella eggs and a leaf of Christmas cheer. The eggs inserted by females into Christmas cheer were counted daily under a binocular microscope. The survival of females and males was monitored daily. Rearing from eggs to adults was conducted under a photoperiod of 16L8D. Every 3 days until adult death, the remaining moth eggs were replaced with fresh moth eggs. The Christmas cheer was also replaced every 3 days.
Data analysis. Differences in the developmental period, fecundity, and longevity of P. typicus at different temperatures were analyzed at the pϭ0.05 level of significance using Tukey's HSD test (http:// www.R-project.org.). Differences in the developmental period of males and females at each temperature were analyzed at pϭ0.05 using Welch's t-test (http://www.R-project.org.). The effect of temperature on the survival rate of P. typicus was analyzed at pϭ0.05 using the chi-square test after arcsine transformation (Zar, 1999) . If significant differences were indicated in the chi-square test, the differences in survival rates at different temperatures were analyzed using a Tukey-type multiple comparison test (Zar, 1999) .
The developmental zero (T 0 ) and thermal constant (K) of females and males from egg to adult were estimated from a regression equation of the velocity of development (1/D) against rearing tem-perature (t). Mean generation time (T), net reproductive rate (R 0 ), and the intrinsic rate of natural increase (r m ) were calculated from the survival rate (l x ) of immature and adult stages and the agespecific fertility schedule (m x ) (Birch, 1948) . The increase rate for 30 days was calculated by exp (30 ϫr m ). In this study, the female-to-male ratio was assumed to be 0.5, since this is the sex ratio generally exhibited by insects belonging to the Miridae (Yasunaga, 2001) .
RESULTS AND DISCUSSION
The developmental periods of eggs and nymphs, and from eggs to adults, in males and females of P. typicus decreased significantly as the temperature increased (Table 1) . At 25.0°C, the developmental period from egg to adult was 28.4 d for females and 28.6 d for males (Table 1) ; these results are similar to the developmental period of the commercial biological control agent M. caliginosus at 25°C (Fauvel et al., 1987; Hart et al., 2002) and P. typicus reared with B. tabaci nymph at 25.0°C (Nishikawa et al., unpublished) . In this study, the developmental period from egg to adult was unaffected by the difference in sex at each temperature (Table 1) . A similar developmental period for females and males has been reported in M. caliginosus (Hart et al., 2002) . The survival rates of the eggs and nymphs, and from eggs to adults, of P. typicus were significantly affected by temperature (Table 1 ). The survival rates of eggs to adults at 20.0°C to 25.0°C were significantly higher than at the other three temperatures investigated ( Table  1 ). The lowest survival rate from egg to adult was observed at 30.0°C (Table 1) . A similar low survival rate at high temperature has been reported in M. caliginosus (Hart et al., 2002) . The survival rate of P. typicus at 25.0°C was also similar to that of P. typicus reared with B. tabaci nymph (Nishikawa et al., unpublished). Regression equation relationships between the velocity of development and rearing temperature for females and males from egg to adult were 1/Dϭ-0.0337ϩ0.0028T (r 2 ϭ 0.9953) and 1/Dϭ-0.0340ϩ0.0028T (r 2 ϭ0.9854), respectively. The developmental zero (T 0 ) and ther- P. typicus that did not lay eggs were observed in this study, but the rates were low at each temperature. For this reason, the data of females that did not lay eggs were excluded from the calculations of all parameters in this study. The longevity of P. typicus at temperatures lower than 25.0°C was significantly greater than above 27.5°C (Table 2 and Fig.  1 ). The preoviposition period at temperatures lower than 20.0°C was significantly longer than above 22.5°C (Table 2 and Fig. 1 ). The oviposition period at 20.0°C to 25.0°C was significantly longer than at 30.0°C (Table 2 and Fig. 1 ). The fecundity per female at 22.5°C to 27.5°C was significantly higher than at 17.5°C and 20.0°C (Table 2 and Fig. 1) .
The mean generation time (T) of P. typicus decreased with an increase in temperature from 17.5°C to 30.0°C. Among the temperatures investigated, the net reproductive rate (R 0 ) of P. typicus was highest at 25.0°C, whereas the intrinsic rate of natural increase (r m ) of P. typicus was highest at 27.5°C. As the difference in the r m values for 25.0°C and 27.5°C is small (Table 3) , we assume that, of the temperatures investigated, the optimal temperature for the mass rearing of P. typicus is 25.0°C and 27.5°C.
M. caliginosus, a polyphagous predator of small insects, is currently used commercially in Europe for the control of whiteflies. The preoviposition period of P. typicus at 22.5°C was similar to that of M. caliginosus at 22°C, but longevity and the oviposition period of P. typicus at 22.5°C were largely longer than that of M. caliginosus at 22°C, and fecundity per female of P. typicus at 22.5°C was greater than that of M. caliginosus at 22°C (Hansen et al., 1999) . For the reproductive capacity, the T value of P. typicus at 22.5°C was similar to that of M. caliginosus at 22°C (Hansen et al., 1999) , whereas the R 0 and r m values of P. typicus at 22.5°C were still larger than those of M. caliginosus at 22°C, (Hansen et al., 1999) .
M. caliginosus is not an indigenous natural enemy in Japan. This mirid bug cannot easily be imported from Europe to Japan because its release would risk predation on non-target insects due to its polyphagous habit. In Japan, we have established that the augmentative release of P. typicus is effective in suppressing B. tabaci populations on sweet pepper and eggplant in greenhouses (unpublished); however, an efficient mass-rearing technique for P. typicus will be necessary if this species is to be used commercially for biological control in Japan.
Parameters related to the population growth of P. typicus are useful for predicting the conditions necessary for mass rearing. Nevertheless, alternative food and plant sources will be needed to establish efficient mass rearing, since some authors have pointed out that commercially available E. kuehniella eggs are too expensive for rearing certain mirid predators (Castane et al., 2006) . Accordingly, we should seek alternative food and plant sources for the mass rearing of P. typicus. 
